A major research effort under way at the SEMATECH consortium focuses on new tools and techniques for better understanding what causes mask blank defects and how to prevent them.
Figure 2. Schematic illustration of the Veeco Nexus ion-beam sputterdeposition chamber in the two systems (process modules 1 and 2) installed in the Mask Blank Development Center.
(i.e., it is soft-roughed and then fast-roughed) before going into the high-vacuum-deposition module. The deposition module consists of an ion source with silicon, molybdenum, and ruthenium water-cooled targets and an electrostatic 'chuck' to hold the mask substrates. After the substrates are deposited with the multilayer and capping films, the mask blanks are characterized by x-ray analysis to determine the thickness of the bilayers, and by an EUV reflectometer to determine the overall reflectivity, uniformity, and centroid wavelength (the arithmetic mean value of the two wavelengths defining the full-width half-maximum points for the reflectivity curve). Defect densities are obtained using inspection tools at a wavelength of either 433 or 266nm. Defect composition is then characterized by energydispersive spectrometry (EDS) on a focused ion-beam/scanning electron microscope (FIB/SEM), transmission electron microscope (TEM) imaging, or through Auger analysis. The shapes and volumes of the defects can also be measured with an atomic force microscope (AFM) or TEM.
Ongoing research at our Mask Blank Development Center has provided opportunities for blank suppliers to learn about the tools at an early stage and to develop and evaluate new processes for multilayer deposition and metrology of EUV mask blanks. The performance of current deposition tools is one of the factors limiting the availability of defect-free blanks. Over the past year, we have been concentrating significant resources on modeling and developing a fundamental understanding of the deposition process, which is then verified by experimental programs to characterize the deposition tool. Success in this effort requires characterizing the defects incorporated in multilayer films, modulating defect types (i.e., changing parameters to determine the effect on defects), and developing novel solutions for mitigating defects. The fundamental understanding thus generated has been shown to improve the performance of the existing ion-beam deposition (IBD) tool and to help demonstrate the design and feasibility of next-generation multilayer deposition tools to meet mask-blank-pilot-line defect and reflectivity requirements.
We now have the facilities and expertise at SEMATECH to support the metrology, characterization, and evaluation of EUV mask blank defects as small as tens of nanometers. The widely used metrology technique EDS (implemented in the SEM) provides elemental information about defects, and also extracts further information on their shape and composition. However, due to its penetration depth, the technique is restricted to large defects (hundreds of nanometers). In addition, EDS cannot provide quantifiable composition analysis of the defect or information about its chemical state and crystallinity. These limitations impede the identification of defect sources. However, we have devised a comprehensive metrology strategy to identify any defect with a core size larger than 10nm.
SEMATECH is currently equipped to perform state-of-the-art Auger and TEM analysis in-house to support the analysis of small core defects for pilot-line EUV masks. Moreover, these capabilities are continuously being developed and the throughput increased. Our newly established Auger tool can analyze a standard 6-inch mask blank and is already providing important information about sub-100nm defects on EUV blanks (see Figure 3 ). Operation on a complete 6-inch mask allows sample analysis without glass cutting, which contaminates the blank and hinders sample navigation and determination of defect position. Use of TEM complements Auger analysis, providing ultimate resolution in the imaging of subnanometer structures. Crystalline and phase information generated by the TEM also indicates the sources of defects. In addition, the EDS and electron-energy-loss spectroscopy equipment at SEMATECH provides higher analytical power than similar techniques in traditional SEMs (see Figure 4) .
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The current industry requirement specifies that EUV blanks should contain zero defects over more than 150nm, considered to be 'killer' defects, and a density of no more than 0.13 defects between 50 and 150nm in size per square centimeter (see Figure 5 ). At SEMATECH we are producing EUV blanks with densities of 0.1/cm 2 for defects greater than 70nm at a yield of 70. We consider the target values to be achievable in 2011 with the current multilayer deposition tool and Lasertec 7360 inspection capability. However, high-volume manufacture requirements for future EUV blanks are much more stringent, with a required defect density of no more than 0.13 defects greater than 35nm/cm 2 and no defects greater than 80nm. Achieving these targets will be very challenging and will require a new multilayer deposition tool in 2013 and an inspection capability that can detect defects up to 25-30nm. Future research at SEMATECH is committed to progress in EUV lithography technology and bridging the critical gap in progress toward producing defect-free EUV mask blanks. This will require developing a metrology infrastructure for learning about defects, as well as a state-of-the-art tool set and advanced analytics to support the program.
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